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The U S Envlronmcntd Protectlon Agency (EPA) has developed the Dat 

O'~]ccuves @QO) Prmss as an unportaot tool for project manzgers and p h n e r  
d e t e m n c  the ope quanug and quahty of data needed to maLe decisions Data 
sampling or morutonng acuviues are used txltnsiveh rn problcm dtfinmon, mlt 
enforcement decisions These actn itlcs are suppoqtd through rmplernentztlon of 
muldatoiy Agency uidc Q u d q  System ubch requzres all organmuons to dew 
Optiate management processes m d  smcrures for usunng that tht data collecttd P 
needed 2nd expected qudiry for t h c ~  dtsrred use The DQO Process hu emergec 
tfiectlve means by whch managers and t t c h c a l  steff may plan 2nd design more 
2nd more timely sampling and analysis programs The DQO Recess nbes beavrl 
customer and supplier communicauon and undersmmng to d e t c m t  the types oi 
needed the quanti5 of data needed, znd the qudq  of the data ncccssar), and to I 
the customer (v, hethti rnternd or external) is satlsfitd uith the results 

Tie  purpose of h s  document is to p-ovide general guidznce to o g v u z a ~ o  
dseloping data auzlic cntena a d  ptrfonn~lce spedicauons for data oxrauons 
guidaice zSsumes m a  zn appromztc Qudily S~stern hu k e n  estzblisbed 2nd is c 
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mmODUCTION 

- E2:h yezr the U S Envuoymentzl ProLecuon Agency (EPA) and th: regulated 
c o ~ m u m ~  spcnd approxinatel~ SS billion co!lccung en\ ironmental &a fo- scicnufic 
rescvch regulate? decision m&ng and regulatoq coinpl*anct J 1 h l e  these ~ C L W I U C S  are 
ntccssvy for effectiic tnvlronmcntal protection it IS tht goal of EPA and the regulated 
conmunin' to mnimze expcndimres related IO data collectlon by cl~rmnztmg U M ~ C C S S L ~ ,  
d u $ i c ~ ~ v e  0- overh precis: dai2 At tht same ~ m c ,  thty would 1d.e to collect dzLa or 
suf.iicitnt C I U ~ ~ I T \  urd auzlin to su?pori defcnsiblr decision m&ng The most efficient ~ 2 \  
to accompfish bo& of thest gods is to brgr, b\ 2~1tiiining th: ype CG&Q md ournun of 
dzu ntcessai  IO add-ess th: problem before h e  stud) btgins To facilitate h s  
der tmmt ion  the Quzlin Assurvlct MLqagerntnt Staff (QLMS) of EPA hu oe\eloDed the 
Da.2 QuaJitv Objectives (DQO) Process 2 s\~ttcmauc plzmng tool bzsed on tne Scientrfic 
Methoa for oet:mning the tjpc quam9 imd audin of d2L2 that ui11 b: sufficient and 
2 ? ? i 0 ~ 2 t e  for the d r z  s i r t tndtd  use By usmg tht DQO Focess to plm eniwonmentd 
GaL2 collectior e f ~ o n s  E D 4  cm rmpro\e the tficctii~eness efiicienc\, and a t f e n s i ~ i l i - ~  o f  
atc'sio?~ in a resource-efrrcuve o i a m e ~  



1 State the Problem c 
I -fdenWy the Decision I 
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Sreo 4 Drfhe tbt Stud\ Bouqdmcs 
a d  situzuons) to uhlcb decisions 
should bt colltcted 

Specify thc concimons (tlme pcnods 
a d  ap$) i s d  u i h n  uhxh the data 

Step 5 Dtvclor? 2 Dtcision Rule bteg-ate the outputs from pmious steps 
m o  an if then statement that dcfraes the condiuons that would cause - - tht dccisio~ m a k r  to cboose among dltrnatlvc actlons 

Steo 6 Spccifip Acce~rzSlc Lint< on Dtclsio.1 Err03 Dcfme the decision 
n a k r  s acceptable decisioq error rates’ baed on 2 consideration of the 
consequences of mwng an m c o m t  decision 

Steo 7 Optmze the D e s m  E\ziuate infornabon from the pmlous steps 
uld gentiale zitenauve sanplrng designs 
efficient design 1h2t meets dl DQOs 

* 

Choose the most resource- 

What s the jalue of using the DQO Process3 

0 Tb: DQO Process is 2 plvlIllng tool thzt can save xsou-ces by m d a g  dzta 
coketion opiations more efficient and c o s t - t f f e ~ ~ ~ e  Good p1arYoJng wrll 
s t r e d m e  the study process 2nd racie2~e tht Uelthood of collecung 
~p~ropn2’ :  and useful dzk 

. 

Tnt structure of the DQO Process probides a convtment u2\ to document 
activiiies 2nd dscisions znd to commumcatt the stuq dtslgz to o b c n  
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Appcndlx A pro\ides a bnef ovenxw of the Data Quality Assessment @QA) Process 
that is used to evaluate data once i t  has been collected Appendu; B is a case study 
zpphcauon of tbe DQO planrung process to an tnvmmental problem Appendrx C proLidcs 
a glossary of t e r n  used 111 h s  guidance 

How should thJs gwdance be used3 l h s  guidance should be used as a tool to smcture the 
planning activities for collecung envlromental data It should bc used to organrzc meeungs, 
focus the collection of background mfonnatlon, and fachtatc commumcauon among experts 
from many different fields and between the ttcbcal exputs, the program managers, and the 
decision m&ers 

The DQO Process consists of seven steps In most cases, each successive step denves 
infonnatlon from the previous ones, thus, each step should be completed 111 the order that it 
appears in the guidance The DQO Process is ittrauve, however, so i t  may be useful to =fine 
the outputs from previous steps Iteratlon is encouraged smce i t  leads to a mort focused 
study with z greater chance of meeung its objectlves Above all, every step should be 
completed before data collecuon bcgrns 

The DQO Process can be used repeatedly throughout the life cycle of a project to help 
maLe sepvzte decisions Often, the decisions that are made early m the study will be ltss 
senous in nature and w i l l  require a lirmtcd evduatlon effort In some cases, these decisions 
will be purel? auzlitanve r2thtr than quantltatlve As the study mars conclusion and the 
posslbihty of mahg a decision error becomes more cntlcal, however, the level of effort 
needed to resolve 2 decision gtnerzll> will bccome greater Figure 2 lllustcztes th~s pomt 
~ i ~ p h ~ d l >  
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- -  STEP 1 STATE THE PROBLEM 

THE DATA QUALITY OBJECTIVES PROCESS 

I 

% 

\ 

\ 

STATE THE PROBLEM 

4 concse descrpaon of the problem 

., 4 Is: of tne planmng t a m  members end ldentfmtion of the dwclsion 
maker 



RacArround 

Develop a concsc; descnpimn of the problem 
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STEP 2 IDEhXFY THE DECISION 

THE DATA QUALlTY 06JECTlVES PROCESS 

I Stake the Problem 

I IdentPy the D e a s i o n  1 

Define the Stvd; 6 wknes I 
J 

tf 

\ 

\ 
\ 

I 

IDENTIFY THE DECISION 
Punnra 

The purpose d nls r e 2  is io define 
me dbcision tcK mi1 be resolved usinp d m  
lt address the pro567 

Azrvntes 

. 4 IK' or wss~ble amom 0- outcoms tbal uouid resuP fmm each 
resoiuLion of tne a~tcsioi  starerne.1' 

9 
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CHAPTER 3 

STEP 3 IDEhPTIFY THE IKTUTS TO THE DECISION 
- 

THE DATA QUALITY OBJECTIVES PROCESS 

State the Problem 1 
I Idenl!y Inputs to the Decision 1 
I 

Defin\Studv bundanes 1 

/ 

\ 

\ 

IDENTIFY INPUTS 
F u m s c  

ldmtfy the rifomatJoMl inpYs tha' will be 
requrd to rerotvt the deuriw Determine 
n91ch npas retautre enwmnmentll 
measurements 

k=trvties 

ldenth the infornatior ths' will be 
requird to resotve the oeasior 

Wenne the s ~ v c e s  for eazh i le7 0' 
inlorrietJon icnTfiel 

Me?*+ the nfonrbon the IS necded 
io ss;rSI.sn the aaion level for rhe ru$  

~~ 

03timze the Design for OStaming Dara 

Outputs from this C t e D  

X h i t  of informa:ional lnputs n d e d  to w o l b e  the decsion 

. The list of en\-ironmentaI \ariables Oi charsctensucs that mll be 
measured 

1 1  
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CHAPTER 4 

STEP 4 DEFIIiE THE BOmTDA€UES OF THE STUDY 

THE DATA OUALlTY OBJECTNES PAOCES$ 

Stale the Problem 1 
I Identify the Decision A Identify the Decision 

Develop c s i m  Rule 

I .  
. 

/ 

/ 

\ 

\ 

DEFINE BOUNDARIES 
Pu-xse 

tie spatia' and te~poral 
cicurnranws ma* are Wvered by the 
decsion 

A&*S 

De'ine the d o r m  or Qeqwhi- . area 
w m i  whrh 81' de3aois rnLs wpty 

Spsr'y n e  chaacenstics tela' oefine 
tnr populatioi 0' meres 

When apsropnetr dMde tne ~ u l a i l o n  ir.3 
stn'z the have reiatwcl) homcpwous 
chamaenstics 
Defiqe ne s a l e  0' de?sion nakin; 
Determine h e r  to collh- oa 6 

De imine  *?e nme frame to ki leh ne 

1 j e - h  a i \  prarml cmbtaii*s 

S J3b CZ.2 a>>'\ 

0-1 c a z  cdic io7 

O ~ + D U ~ S  from thiq step 

0 Characterstics that define the domam of the stud1 

0 A detaied descnption of tpe spatial an2 tempore1 boundan- of the 
aecsion 

4n\ p i a c t l d  corsraints that rn21 rnterfere mih the stud\ 

1 -  - 



Ba ckrrround 

c 



(3) !$%en appropnate, dnide the popdabon mto strata that ha\e relatiwl) 
homogeneous charactenstm Uslrg emsung d o m u o n  stratif, each 
medium or set of 05j~ts mto subsets or categoncs thzt c h b i t  nlauvcl~ 
bomogeneous properucs such as conmmmnt concenvauons Smuficauon IS 

desuable for studjmg sub-populatlons or rcducing the complexlry of the 
proSlcm by b r e h g  i t  mto more manageable pieces The decision mAer can 
choose to make sepvate decisions about each stratum or the enure populatron 

(4) Define the scale of decsion mahng Define the smdlest, most appropnate 
subset of the population about w h c h  decisions udl be made to meet the goals 
of the study For exunplt, i n  2 stuay of contzrmnz:ed sod where the god is 
to protect future residents from exposure and where the future lznd use is 
residenual the p l m n g  tern may set the scale of decision m h g  to a 14 
bv 14 erea if the children dtnve most of t b : ~  exposure from an outdoor play 
=ea oc h s  size Consequently. decisions ha* wdl be mad5 at tbe site would 
be protectlve of chldren a sersitlve populauon M exposure assessment 

Define the temporal boundary of the declsion 



CHAPTER 5 

STEP 5 DEVELOP A DECISION RULE 
- 

THE DATA QUXLIN OBJECnVES PROCESS 

Sate the Problem 1 a laentrfy the Decision 

F 

[ iden:it)l Inputs to the D p  
1 I- I 

r 1 

/ 
1 

\ 

DEVELO P A DECISION RULE 
Pumse 
To iniegaie the omms from previms 
steps tnlo c snpk s alemen ttmi bescn3cs 
me Iqpca' bes s for chDortnE amon0 
8he~e' ivc  e3'Jons 

Aarvlte 

Speavne paranele n2 chan=tmzes 

S j xa j  rn a-on kvel  for the 

me popu1a;o-i 0' nieres* 

O u ~ m t  from this step 

. An '*L' then stztement &a: defmes the conditiom that would cause the 
decsion r,aA,er to choose among alteinati\e courses of 8cLion 

.- 
p i  





page 13- of 22 Pages 
Specdl the action lele1 for the stud! The decision mzl er should s ~ i h  the nume7czl 
\due thzt would ~ 2 ~ ) s :  hdkr  10 chwsc k t u e e n  mo or m o c  xuons For cxampl: tht 
d:cisioq mAer uould choose OX action if tht p z n m t c r  thiti chzractcnzes the population of 
iqtc-esL is abo\e 1 n:JL ax! a difrercnt xu07 orhcmise 

be\elop a declsion rule Develop 2 dccision mle as 2n I f  then statement that 
incoporztes thc pEm:tc- of 1ntev:Si the acuon le\el and t!e xuon(s) that would result 
frov the decision For exmplt  If tht mtm concent-auon of caarmum in the u a t e  uh 
exceeds 1 0 mgXg then tht u s t e  i s h  ndl be considered to pose an unacceptable nsL and 
~111 bt disposed or in 2 RCR4 hizadous wste  lvldfill othemise the u a t e  uh uill be 
considered noi to POS: 2 risk a d  ~ l l l  be d~sposed of m 2 numcipd ladfill 

I 
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- STEP 6 SPECIFY ACCEPTABLE LIMITS OY DECISIOK ERRORS 

THE DATA QUALrPl OBJECTIVES PROCESS 
1 / 

S'ate the Problem A Y  
/ I  

Identifv the Decisian 11 
I I I  

. I  

r 

SPECIFY LIMITS 
ON DECISION ERRORS 

PUWSt3 

The decwo7 rnaAer s eccepteble deccrsron e m -  ram bzsed on e 
C O I X ~ G C - ~ ~ O I I  of rne comeuueTces or mak-g an mcorrec: decwon 
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False Positi\e Error - Thc fdsc posir~vc error m u ' s  uhcn she dzrz mslezd the 
dtcision mz) er into b c h  ing tF2 the burden of proof bas b s t n  sa'isfied &-Id that the null 
hypotksis (H, ) should k J-CJCCLC~ Consider an exz~plc  ' ~ h e r t  the cecision md er p-esumes 
that 2 ctnvn w2ste is bzzvdous (I e ,  the basehe condiuon or null h>poshcsis is the u u t e  
IS hzardous) If the data lead the decision d e r  to wrong11 conclude that the waste is non- 
bztvdous uhen it actudly 1s then tbe decision mder  would be ~ ~ b g  2 fdse posib\e m o r  
A statistlc~an usudl> refers to the fdsc PCEJWC mor  as dph2 (a) the Ic\el of sigdicurce 
h e  sz of the cnucal region o 2 Tjpc I error depcnamg upon its pruise use 

False hegatwe Error - Tnt fdse ncgzave error occurs ushen thc data mslcad the 
decisiocl mAer into nrongl) concluding thzt the burdcn of proor hu nor becn sausficd so that 
th: null hypotnesis (H,, ) is accepted In tbt uaste cxunple tb: d212 lead the decision m&er 
to n rongly coxJude that the u a t e  is buzrdous 'u hen it m1j is DO* A sti?ustlciz? usudly 
refers to B fdse negzilve error a btta @) or 2 Tvjx II eiror aependng on IS precise use It 
is dso  h o u n  2s the complement of the power of a test 

1 





decision error occurs the dccisron maAer 1s guardrng Z E ~ E J  m h g  tht more 
se\cre decision c m r  

(4)  Assign the f e r n  'false posinve and "false neganve to xhe proper decision 
errors The false positive decision error occurs when b e  data rmslead the 
decision mAer into klleving mat the burden of proof & been sausficd so 
tila €io is cnoneousl) RJCCIC~ (1 e tbc decision mder  uronglj concludes 
tha: tbe w w e  IS nonbzzudous ubcn i t  zcrudl) IS) Tbe false ncgauvc 
decision error occurs whtn the data rmslead Ibc dccision m d e r  uno wroagl) 
concluding that tht burden of proof h2s not been satisfied, so that K ,  IS 

erroneously accepted (1 e tbe aursion mder concludes th21 the uzste is 
hzzardous whtn IC truly is not) 

Dtfine tht potcnual coqsequenccs of decision cm0-s at sevcrzl points u i h  the fdst 
~ O S J U W  and false ncgatlvc dommns la the wasit CXZJZID~C, the conseouencts of a false 
pos%t decsion e-or u k n  tbe me pvamettr \due IS mtrely 10% above the acuon le\ el 
ma\ be m i m d  btcaust it would catlse only a moderat: mcre2se rn tht nsl, to humvl hedth 
On the other hznd t5t constautnces o i  2 fdse positwe C F O i  when the VU: parmeter 1s ten 
um:s the acuon levtl mav bt s s e r e  because i t  could 
b u n a s ,  zs well 2s cause severe d2m2ge to 2 loeal ecosystem 

in:rtaz the exposure nsb LO 
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interest exceeds th: artlo? level (e g the u u t c  is hzzaidous) Figure 6-2 2nd Table 6 2 
illusuzre tnc c a t  uhrre tht butline condition IS h a t  the paramctrr IS less ban the azuon 
level (e g the w * m e  IS non-hazardous) 

The Design Perfomvrce Goal Diagram (uhch IS someumcs czllcd a "Dccision 
Performance Cune ) cm be refined b! b:e&ng the steps of decision errors mto smaller 
urnu Th~s would h2\e the effect of adbng roM s of information to 11s correspo7dmg Dtcision 
Error Lirmts Table Tne diagram udl be used in b e  f ind  step of the DQO Process (Step 7 
Opn~ze the Design) in ordcr to construct a statistically bvcd  c~aluzuon of hou well the 
szimpling dtsign will meet the DQOs ?his ckaluzuon m\olves the consuu:uon of a Power 
Cunx whch 1s a grzphlczl d:scnpuor\ of a simpling dcsign s expcced perfommce Lr the 
Power Cu-vt Iits u i h n  L!C aczeptzblt regio-~s of the Dtsign Pc.ioma?ce God Dizp2.m 
thcr the corresponding sanpIing design szus5ts the decision mAer s accep;zblt hmu on 
decision errors 

-. z n G-c'C- 



True Value of the Pzwrwle: (Mean CorrcetntriaMk, - 
8 

Figure 6 1 An Example of a Design Performance Goal Diagram 

50 to 60 ppm 

60 io SO 

80 to 103 

docs not exc-d 
atLl07 1t\el 

n 

W 

'50 tc 293 

* *  

3 

Table 6 i Decrsron Error Ltmts Tgble Corresponding to Fiewe 6-1 
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EVA QUG4 

Lroc 

Medwm 

- 

50 i 70 I gb I 110 I 160 i 
60 80 100 120 140 

A 
I-- LalonL.vd 

True Value of the Parameter (Mean Concentration, ppm) 

Figure 6-2 An Example of a Design Performance Goal Diagram 
(Basehne condtron parameter less than action level) 

True 
concentration 

50 to 60 ppm 

60 to 100 

100 to 120 

120 to 150 

150 to 203 

Correct declsion 

does not exceed 
actlon level 

cxcmis actfon 
level 

Acceptable 
probabilitj of m a h g  
an incorrect deusion 

fa declsion error) 

5 8  

10% 

gT2y rtpion-no 
probabdity spxified 

20% 

5% 

Table 6 2 Declsion Error Limts Table Correspondmg to Figure 6 2 

29 hr-m Fi3sl 



C m R  7 

- -  STEP 7 OFTIMIZE TKE DESIGN 

THE DATA OUALlTY OBJECTIVES PROCESS 
t 1 I 

State the Problem h V  I State the Problem 
L J I /  

V 
Identify the Decision 

IdentiQ Inputs to the 

I / 1 Devek~ a Decision Rule 
c 

/ 

OPTIMIZE THE DESIGN 
Pumse 

ldewty t'w most rcroun+etiec'we sanphp 
and analysis &sipL for pcne-aunp da 6 tna are 
elgecrd 10 rebrty the D33s 

/ 

I 
i 

0 Tne mosf resou-ce-efTectrve design for the -a\ tka: ls ex-jixtd to 
s m m e  the DQOs. selected from 8 group or alternatibe asi,w generated 
du-ing thls step 
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For  each design alternatne, select tbe optlmal sample m e  that satsfies the DQOs 
Using tht mathematical expressions from the prtwous acu\ig solve for the optimal sample 
Sm 1114~ =wfies the DQOs, including tht decision mal cr's huts on decision errors 

- If no drsign wdl mtet \he b a t s  on decision cmn wittun the budget or other 
consmnts then the plannl~g team urll nctd to relax one or more consuasnts For cxmple 

0 mcre2se the acceptable dtcision error rates, 

incre2se the width of the gray region, 

0 relax other project constants such as the nunber of avlable personnel, 

0 increzse fundmg for sampkng and andysis, or 

e change the boundanes, i t  may be possible to reduce sunpling and andvsis 
cos% b) chvlging or ehmnaung subgroups that ~ 1 1 1  r q u u t  separate 
decisions 

Select the most resource-effective design that satisfies all of the DQOs E\zluate the 
design options baed on cost 2nd ability to meet the DQO constrants Choose the on: that 
pro\ides the best bdanct between cost (0: expected cost) and abhty to meet h e  DQOs A 
POUS Cune IS 2 us:fUI stz~ticzl tool used to cvduzte U.bethi tht dcslp h s  the ability to 
mz: the DQOs 4n CXZ~IIIDI: of c" Povl e: Curve IS shoxn in Firm: 7-1 

Document the operational detalls and tbeoretical assumptions of the selected design in 
the sampling and analrss plan Dccumtnt the sdtcttcl atsign's he> 1:21u-cs th2t mus. be 
irp1:nrnteo ~-0pr7h to 4 1 0 ~  for efiki:n 2nd \ d i d  S U U S L I ~  mterp7euuoii of tht d2tz It 
is pz-icu'z'i ~rn?onzs to oocumznt the sa~stlcal vsumptions that could ~t \io12-:d through 
e 7 0 3  in 0: p-zcticd corsmins on fitld smplt  coUtcuon pioccaures 0: I2boiator) mt&ods 
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BEYOWD TKE DQO PROCESS EVALUATION OF THE DESIGN 
USING THE DciTA Q u a m  kSSESShEhT PROCESS 

Once the DQO Process h a  been complsted the plannmg tczm mill hzvc the 
irformzaon needed to choose the sun?lin_c aesign tlar best meets the D C C ~ S  of  the^ study 
Tin: nttds of tht  p l m n g  *c2;n hz\e no, k n  fu lh  mtr houeLer unul the sznphng az,a art 
ulzljztd to ensure rh2 an\ decision mad: fro- the d2’a ui11 m e t  ti: decisioq err07 rztes 
sp:afitd in tht  DQO Process Tius ulzljsis IS pzii of 2 related process cdied Dz,a Qualib 
hsscssmtnt (DQA) 



DQO CASE STUDY CADhl?UM-COhT4~.IATATED FLY ASH N'ASTE - 

Introduction 

Appendix E prtsrnts an cxam?le of the DQO outputs fo- 2 rezlisuc c s e  study T h e  
cits: s tuq  bu k e n  chostn kczust io IS s~rnple and strughtfo-sud 216 because the outputs 
22: tnconpiiczrcd Nrnotlgn som: of the ourputs from h s  exmple seem inrumie L I S  
IS no ofxen b: czsc 11i  pixace For mzm srLdies the DQO Prtxe~s IS complicated and 
t h o ~ g  ,-pro\oLng Even so, some steps ui11 nauue more cffon thzn others Keep m m n d  
that pl' of tht steps in the DQO Process a e  nccessatt to deLelop a sizusticd stud\ design 
Once all of the steps 'n2\t b z n  c o ~ ~ l e t e c ;  a d  thoroughlv thought OJI then develo?rntrt oc 
the m3st resou-ce-tfieai\c stud) dtsign cul prmced 

Each ground 





Identflj the Decrsion - a statement of the decision th2t ~ u l u  use cn\uonmental dau znd the 
actions th2t could result from h s  decision 

- (1) Srare rne decisron(s) - Docs tbe concentrauon of caarmum UI &e w2ste fly a h  
exceed the RCRA regulator) sta~dud7 

(2)  Stare rhe actions rhal could resulrfiom rhe decrrion - 
c 

(2) Tbe mxte fi) esb could be &sposed of m 2 RCRA landfill 

(b) The waste fly a h  could bc &sposed of m 2 sartltvy luldfulu 
8 

Identlf! the Inputs to the Declsion - 2 list of tht cnvuonmtntal \anables Oi characttnsucs 
r h t  will bt m:uurtd 2nd other infomation needed to mAe the decision 

(1) Iaennfi the infonnnrion Z M ~  will be reouired ro mnke a decision - To e\ zluzte 
the problem the plulmg t e a  must c o k c t  samnles of fly uh m’utc and subject them 
LO tht TCLP cxuacuon and uiJ>ze for cadrmun 

(2)  Deremme :he sources]bt eacr irerr ojrrrfonnc~on uiennjied - Tbc 
coxentrauon of t20mum should bc mtaswed rn S ~ T I Z D ~ S  of the fi? utr nsing mt test 
mshods hsrcd 17 40 F X  Pr 261, Apc II Some cxlstlng pilo: stud; dz12 pro\ic: 
1’1Jornmor 2bout \z;labdiiy, but it aOcs noL provioe enough m-omauon to resoive me 
oecisio’i 



T 



( 1 )  S p c ~ $  rhe paramercr h a l  characrcn:cs 
comznua’ion of cadmiu.;i for w h  conwcr 
R C U  regulate? standard 

- (2) Specp rhe acnon level for rhc stdy - Tne actJon level for h s  problem udl k 
L?: RCR4 rcgulaorj srandard fo- cadrmum of 1 0 m a  lii me TCLP lezchatc usrng 
tht test methods Lstd m 40 CER, PI 261, App 

( 3 )  Develop c deasior rule (an 4 hen starcment) - If the mean conccnuauor 
of czdmum from the fiv uh uzsre is p a t e ;  thvl 1 0 m f l  (usmg h e  TCLP method 
2s dtfmtd in 40 CFR 261) then the %ate will  be considc;td to be hzzaraous and uilI 
D: aisposed of 2L 2 R C U  landfill 

If the rnem coneenmuon or cadrmum from the fly ish uaste is less than 1 0 
(using the TCLP mehod 2s defined rfi 40 CFR 261) then the ’uate udl be 

considered 7 0  ‘oc non-bzzudous and wrli be aisposed of UI e smtz? lul6fi’I 

Specif\ Acceptable Limits on DecrsioD Errors - the aecision d e r  s atce~tzblt oc=isio3 
-e107 r m s  baed 0:: consid~rauon of &e conswuences of m h g  m mcoirm aecistor 

(:) Dctemme rhe possible range of rrce parcncrer oJ’ rnrcrcsr - The rmge or 
C a m u m  c o x c x a o n  is expxtca to be fro= 0 2 n,fi 

5 5  





Page& of= pages 
of th: act,on IC) el) \x 111 caw: b t  m:me*zror cornpan\ znd t h c ~  CL'SIOTICK io bcu L!: 
COSi of UMGXSSL? cx;>e~se (I c sendiqg no?hzzzcdous waste to a RCR4 faci l i~)  
Tne plzvung 1 t 2 i ~  hu spc;lfisd a uidA of 0 25 m a  for tfus g m  npon b s c d  03 

thtr: prefcrentcr to detect decision CITOK at a concenuauon of 0 75 m& (set Figure 
E-1) 

- 
( 4 )  h r i g n  probablir) vclucs to poirts obovr d belox the scion lcvcl tht reflects 
tne acreprable probabilir) for the occurrence of decision errors Fo* &us cxmplc 
RCR4 rcgulztions dlow a 5% decision error rate at the actlon level Tne PI-g 
r e a n  bu sct the decision eiro- r2tt 10 55% from 1 m-sJL io 1 5 m-A, and 1% from 1 5 
m a  to 2 rn-& u th: conseauences of htdth effects fiom tbt a u t e  cbsp0se.d in tbc 
mumcipz! lzndilll incrcased On the othe- side of the xaon l s e l  the pluming team 
ha set the zcceptzble probabdq of m u g  a fdsc ncgainc error ai 20% u bcn the 
m e  p u u n t t t ~  IS from 25 to 75 m a  2nd 10% wbtn 1' IS bdou 25 m a  b v t d  on 
boh exi>cnencc and an economc z i d ~ s i s  that shows that tbtse decision error rates are 
reasoxble to bzlance tht cost of sziplrng versus the consmuencc of s:ndmg clean 
ah to L??: RCR4 facdq (See F i g ~ r ~  B 1) 

B a cbgro u II d 
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aboui h e  rnc&urn or contarmnant 
could appl) to the case stud) 

Below art foui exurples of possible designs that 

(2) Simple Random Sampling - The simplest type of probabhry sample IS the 
simple random sample W~th &us type of smplrng even possrble point in 

the sampling m d u m  has an toual chance of bcmg selected For LIUS reason 
the aistnbuuon of the smple mtasuremtnt IS expected to be rrprestntauve of 
the medium Simple random smplts art used pnmady when the \anance of 
the m d u m  IS relatively smalJ and h e  cost of andys~s IS relatively 
rnexptnsivc Slmplc m d o m  sample Iocauons arc ptd> developed 
through the use of a m d o m  number table or through computer geneiatlon of 
pseudo-ruldom numbers TDC number of sunples is fixed 

In the ca t  of the cadrmumcontarmnatcd ash a fued number of F z b  
samples would be ~ A e n  and analyzed separately For ths problem, s'andard 
lab splits a d  QC samples aould be taken accordlng to standzrd procedures 
foi the RCRA program n e  szmples would be chosen mdomly In thrce 
dimtnsions A t-ttst IS suggested as a possible method fo- ttscrng tht 
statisbcd h) r>othesls 

For each conwncr, the rollowng m o d  is tpplicable for 2 simple rzndom 
saiplt  design 

b ?  





not k n  rrzde bcf0.t the n u m b s  of samples reouvcd for the simple random 
sample =e xAcn s z m p h g  would stop at b s  point and the slmple random 
sample test would be pcrfomcd Standard lab spliu and QC sunples would 
be d e n  zordmg to standard procedures for h e  RCRA propun An 
approximate rauo test would be used d e r  tacb round of sampling 1s 
complete 10 decide nhtther or DOL to conclude that the u a t t  IS hazardous or 
IO continue samphg For each contuner, the followmg model is apphcable 
for a s\sternauc sample design 

where 

yo 
p = memean 
E,, 

= I* obscrvauon from the J* szmplrng round 

= deviauon from p for thc I* obsenauon (nznuzl vmzbrlig) from me 
J* sampkng round 

Each E is vsumed to be independentlj aistqbuted with 2 D:ZI of 0 ulC: a 
\2.!,?anc: of c? 

E 2 1  
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Sim-k Rmdom S t ~ ~ l e  - Using tht fomulz abo\c i u s  dttcmned that 37 
szmples ut ncccssz. to zcheve the specified h u t s  on decision errors In addition 
h s  smpling plan sausfies dl the DQOs includmg bud€:: schedule and practrcal 

Co-nposlte Smplinr - To dttemnc sample s i u s  fo- a composite smple 1' is 
ntcessaq to compute the number of composites szm?lcs r tht number of sunples g 
u i h n  czrh composite, and tbe number of subsmples, m, to be measured for each 
composite Usudl> m=l,  boue\er, since h s  design is to be used repeatedhe i t  is 
suggested th2 two subsunples from each composite sample be mevured to cstlmatt 
a:, w h c h  car the? Dt used to re-opaxux tht ntm'kr of s ~ z ~ p l e s  m znd E 

For a composite smple, wi;h random sm$t locztlons 11 hu been 
cittemncd that t ight  composite smplts  of eight samples each arc sufiicient in order 
IO me:& h e  limts on dtasioa crro~s that b2ve b t e ~  s p c c ~ k d  It IS recomncndcd thzt 
Iuo  SubS~.D1tS bc tden from each composite s m d t  to give 2n es~mzte of the 
uirh?n-co-.l?ositc vzxbllity Tnen thc smplt  design c2n be re-estnztcd Md mad: 
mo-e eXcie7t Tius o:sign is mole m n  suffcien~ to zcbevt tSt sjxcifiec 'L'NS oil 
ctcision e7o-s In aoaitim h s  szxpling a m  and~s i s  plan S~~L?S!~LJ 21! me DQOs 
mrjmrg budge; scheauie, m d  p i x t r d  cowmnts  

h ide ls  Applied to the Case Stud\ 





The seauenuzl smplmg design is mo?: cost-effectwe than rht simple rvldom 
sm7'ing d c s i p  Th: po?:nud sa ings  oLcr sending 211 M a t e  to a RCk4 hazardous 
w m e  f2ali1y it 56 750 - S3 280 = 53 470 Tbc site owmr hu cxprtsscd &sappro\ 21 
for tfus saroding plzn because of tbe tunc i t  may d e  before a aecision can be mad: 

be th: design of choice 

- If the uh u is not homogenous u i h  a conmne- bou ever h s  sullphng design may 

The composil: smple design is the best optlon It is the most cost-effecu\c 
design 2nd reciut'es the k.ut mount of tlme IO impl:men? In addmon the use of 
sc-zta ensures full co\:ragc of ezch c o n w e r  1: is rezomended hal  t x h  of the 
eight COmDOslie s ~ n o l t s  nave two subsamples ulahzed h lb: fururc after sufficient 
dau h2vc been collccted to csuna': tht FT0?0-ilO1 of nzzzrdous con1zIners to non- 
hzzardoils conmntrs and to estlmate tht \ a n a b , h  u i h  each composite sm?k i t  
~ 1 1 1  be possible to re-opmuzt tht sample sue 

Bel ond the DQO Process - Etahation of the Design usmg the DQ 4 Process 

E -: 



GLOSSARY OF TERMS 
- 
action le\el the numcnczl \fahe that causes the decision mzher to choose one of the 

dternauve afuons (e E compliance or noncompliance) It ma> be a regulatory 
threshold standard such as a Maxlmum C o n w a n t  L v c I  for d n h g  Mater, a nsL- 
baed co-mnuation level a technological h t a t l o n ,  or reference-based standard 

bias the slstemauc or persmm distoruon of 2 rnevuremtnt process uhch causts m o a  m 
one durction (i e , ~e expected sample mevunnent IS hffcrcnt than tbe sample s 
me \due) 

boundaries the are2 or volume (spatla! bound-) 2nd the tlme p o d  (temporal boundary) 
to uhch the decision will 2pply Samples 2 f e  collected w i h  thest bomdznes to be 
representative of tht populauon of merest for the decision 

D a b  Quaht? hsessrnent @Q 4) 2 process or srztlsucd 2nd scienufic c\ duado? thzt is 
ustd to ~ S S C S S  tht  \didity and performance of the dau collectlon design a d  srausucal 
test and to estzblis3 %hethe- a dau stt is adtauztc for its rntended use 

Data Qualit\ Objectlies (DQOs) amlitauve and oam~tatne  staterncnts denvd from tht 
outpu's of eacn sir? oc the DQO Process uhch s p i f i  the sad> objecnvcs aoran  
1--:2uo-s me nos'  273rop72~ ~ D P I  of CZU ;o c o l k t  r n ~  s p x i f i  the 1evdS of 
aecision e-or thz! xJ1 be acccptziblt for Vte decism- 

c- 1 L--- Fs, 
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qualit! assurance (QA) an integrated SI s ~ c m  of mzi=epcrnt?t actn 1t.m mvolvwg DIanrmg 
c u d i ~  control, ouzlir)' asessmtnt rrporig 2nd qual19 mpro\cment to ensure thai 2 
product o* senice (e g enxlromtntzl &z) mtets defrncd smdarcis of ouaiiry with a 
stated level of confidence 

Q u z h  4ssurance Project Plan (QAPP) 2 f o n d  ~echmcd documcnt conmrung tbt 
dslvled procedures foi vsunng tfi: oud1ry 0' tnvuonmcn*z! de2 pn?ued foi each 
EPri en\uonmcnid aatz collccuon atmi5 2nd zp?;ovcd pnoy to collecung me dalz. 

qualit, control (QC) the o\crzll sjs*:m of tcchclcal actniucs uhosc purpost IS to I ~ Z ~ S U T ~  

urd conu-ol the o u d q  of a pmduct or S ~ N I C C  so th2t it m=tts the nuds of ustrs The 
ai- *s  to providt quzlity h z t  is saasfacio? Atcluz~t,  d:y,ndzSle, md tconomcd 

Qua11 t 
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